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Chemistry
Higher level
Paper 1

Instructions to candidates

y Do not open this examination paper until instructed to do so.
y Answer all the questions.
y For each question, choose the answer you consider to be the best and indicate your choice on

the answer sheet provided.
y The periodic table is provided for reference on page 2 of this examination paper.
y The maximum mark for this examination paper is [40 marks].
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1. 2.67 g of lead (II) carbonate is decomposed by heating until constant mass.

PbCO3 (s)  PbO (s) + CO2 (g)

What is the final mass of solid?

A. 0.44 g

B. 2.23 g

C. 2.67 g

D. 3.11 g

2. 0.02 mol of zinc is added to 10.0 cm3 of 1.0 mol dm-3 hydrochloric acid.

Zn (s) + 2HCl (aq)  ZnCl2 (aq) + H2 (g)

How many moles of hydrogen are produced?

A. 0.005

B. 0.01

C. 0.02

D. 0.04

3. 8.8 g of an oxide of nitrogen contains 3.2 g of oxygen. What is the empirical formula of
the compound?

A. N2O5

B. N2O

C. NO2

D. NO
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4. Naturally occurring gallium consists of the isotopes 71Ga and 69Ga. What is the approximate 
percentage abundance of 69Ga?

Mr (Ga) = 69.72.

A. 40 %

B. 50 %

C. 60 %

D. 75 %

5. The graph shows the first six ionization energies of an element.
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In which group is the element?

A. 13

B. 14

C. 15

D. 16



– 5 –

M22/4/CHEMI/HPM/ENG/TZ1/XX

2222 – 6107

Turn over

6. Which gases are acidic?

I. nitrogen dioxide

II. carbon dioxide

III. sulfur dioxide

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

7. Which of the following is the electron configuration of a metallic element?

A. [Ne] 3s2 3p2

B. [Ne] 3s2 3p4

C. [Ne] 3s2 3p6 3d3 4s2

D. [Ne] 3s2 3p6 3d10 4s2 4p5

8. Why is hydrated copper (II) sulfate blue?

A. Blue light is emitted when electrons return to lower d-orbitals.

B. Light complimentary to blue is absorbed when electrons return to lower d-orbitals.

C. Blue light is emitted when electrons are promoted between d-orbitals.

D. Light complimentary to blue is absorbed when electrons are promoted between d-orbitals.

9. A compound consists of the ions Ca2+ and PO4
3-. What are the name and formula of 

the compound?

Name Formula

A. calcium phosphorus oxide CaPO4

B. calcium phosphorus oxide Ca3(PO4)2

C. calcium phosphate CaPO4

D. calcium phosphate Ca3(PO4)2
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10. What is the explanation for the high melting point of sodium chloride?

A. The covalent bond between sodium and chlorine atoms is strong.

B. Electrostatic attraction between sodium and chloride ions is strong.

C. Intermolecular forces in sodium chloride are strong.

D. Delocalized electrons cause strong bonding in sodium chloride.

11. For which species can resonance structures be drawn?

A. HCOOH

B. HCOO-

C. CH3OH

D. H2CO3

12. In which compound are all carbon atoms sp3 hybridized?

A. C2H2

B. C2H2Cl2

C. C2Cl4

D. C2Cl6

13. What are the electron domain and molecular geometries of the XeF4 molecule?

Electron domain geometry Molecular geometry

A. tetrahedral planar

B. tetrahedral tetrahedral

C. octahedral planar

D. octahedral tetrahedral
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14. The energy from burning 0.250 g of ethanol causes the temperature of 150 cm3 of water to rise by 
10.5 °C. What is the enthalpy of combustion of ethanol, in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1.

A. 150 4.18 10.5
0.250
46.08

× ×

B. 150 4.18 10.5
0.250 1000
46.08

× ×

×

C. 150 4.18 (273 10.5)
0.250
46.08

× × +

D. 150 4.18 (273 10.5)
0.250 1000
46.08

× +

×



15. What is the enthalpy change of the following reaction?

CH2CHCH2CH3 + HBr  CH3CHBrCH2CH3

Substance ëHÖ
f / kJ mol-1

CH2CHCH2CH3 0.1

HBr -36.3

CH3CHBrCH2CH3 -156.0

A. -119.6 kJ

B. +119.6 kJ

C. -119.8 kJ

D. +119.8 kJ

16. Which compound has the largest value of lattice enthalpy?

A. Na2O

B. K2O

C. Na2S

D. K2S
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17. In which reaction does entropy decrease?

A. NaCl (s)  NaCl (aq)

B. Zn (s) + H2SO4 (aq)  ZnSO4 (aq) + H2 (g)

C. NH3 (g) + HCl (g)  NH4Cl (s)

D. CuCO3 (s)  CuO (s) + CO2 (g)

18. A sample of calcium carbonate reacts with excess hydrochloric acid in a beaker. The solid line 
shows how the mass of the beaker changes with time.

Which dashed line represents the results obtained when the acid concentration is doubled?

M
as

s 
/ g

Time / min

3.0 4.0
98.0

99.0

100.0

A.

B.

C.

D.

0.0 1.0 2.0

19. A student was investigating rates of reaction. In which of the following cases would a colorimeter 
show a change in absorbance?

A. KBr (aq) + Cl2 (aq)

B. Cu (s) + Na2SO4 (aq)

C. HCl (aq) + NaOH (aq)

D. (CH3)3COH (aq) + K2Cr2O7 (aq)
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20. The table shows data for the hydrolysis of a halogenoalkane, RCl.

[NaOH] / mol dm-3 [RCI] / mol dm-3 Rate / mol dm-3 s-1

0.1 0.01 5.0  10-7

0.2 0.01 1.0  10-6

0.2 0.02 1.9  10-6

Which statements are correct?

I. The reaction is first order with respect to RCl.

II. The reaction is second order overall.

III. The reaction proceeds by an SN2 mechanism.

A. I and II only

B. I and III only

C. II and III only

D. I, II and III
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21. What is the activation energy according to the following plot of the linear form of the 
Arrhenius equation?

Arrhenius equation: 
Ea

RTk Ae
−

= .
ln

 k
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A. 2 8.31
0.06aE ×

=

B. 2 8.31
0.06aE − ×

=

C. 
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0.06

aE e
×

=

D. 
2 8.31
0.06

aE e
− ×

=
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22. 1
2

 Cl2 (g) + 1
2

 I2 (g)  ICl (g) Kc = 454

What is the Kc value for the reaction below?

2 ICl (g)  Cl2 (g) + I2 (g)

A. 2  454

B. 1
2 454×

C. 4542

D. 2

1
454

23. At equilibrium, the concentrations of chlorine and iodine are both 0.02 mol dm-3.

1
2

 Cl2 (g) + 1
2

 I2 (g)  ICl (g) Kc = 454

What is the concentration of iodine monochloride, ICl?

A. 454
0.02

B. 454  0.02

C. 454
0.04

D. 454  0.04

24. Which species are acids in the equilibrium below?

CH3NH2 + H2O  CH3NH3
+ + OH-

A. CH3NH2 and H2O

B. H2O and CH3NH3
+

C. H2O and OH-

D. CH3NH2 and CH3NH3
+
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25. Which 0.01 mol dm-3 aqueous solution has the highest pH?

A. HCl

B. H2SO4

C. NaOH

D. NH3

26. Which statement explains the Lewis acid–base nature of the chloride ion in this reaction?

C2H5
+ + Cl-  C2H5Cl

A. Lewis base because it donates a pair of electrons

B. Lewis base because it accepts a pair of electrons

C. Lewis acid because it donates a pair of electrons

D. Lewis acid because it accepts a pair of electrons

27. In which set are the salts arranged in order of increasing pH?

A. HCOONH4 < KBr < NH4Br < HCOOK

B. KBr < NH4Br < HCOOK < HCOONH4

C. NH4Br < HCOONH4 < KBr < HCOOK

D. HCOOK < KBr < HCOONH4 < NH4Br

28. In which of the following species would sulfur be reduced if converted to SCl2?

A. S2O3
2-

B. H2S

C. S

D. SO2
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29. How many electrons are needed when the following half-equation is balanced using the lowest
possible whole numbers?

__ NO3
- (aq) + __ H+ (aq) + __ e-  __ NO (g) + __ H2O (l)

A. 1

B. 2

C. 3

D. 5

30. What are the products when dilute aqueous copper (II) nitrate is electrolysed using
platinum electrodes?

EÖ (Cu | Cu2+) = -0.34 V.

Anode (positive electrode) Cathode (negative electrode)

A. O2 (g) Cu (s)

B. O2 (g) H2 (g)

C. Cu (s) O2 (g)

D. H2 (g) Cu (s)



– 14 –

M22/4/CHEMI/HPM/ENG/TZ1/XX

2222 – 6107

31. In the electrolysis apparatus shown, 0.59 g of Ni is deposited on the cathode of the first cell.

NiSO4 (aq) AgNO3 (aq)

AgNi

What is the mass of Ag deposited on the cathode of the second cell?

A. 0.54 g

B. 0.59 g

C. 1.08 g

D. 2.16 g

32. Which functional groups are present in serine?

A. nitro, carbonyl and carboxyl

B. amino, hydroxyl and carbonyl

C. nitro, carboxyl and hydroxyl

D. amino, carboxyl and hydroxyl
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33. Which compounds are members of the same homologous series?

A. propanal, propanone, propanoic acid

B. propane, propene, propyne

C. hexan-1-ol, hexan-2-ol, hexan-3-ol

D. ethanol, propan-1-ol, butan-1-ol

34. Which reagents and conditions are best for converting propan-1-ol into propanoic acid?

A. Reflux with acidified potassium dichromate (VI)

B. Reflux with LiAlH4

C. Distil with acidified potassium dichromate (VI)

D. Distil with LiAlH4

35. What are the type of reaction and role of the nitronium ion, NO2
+, in the following reaction?

C6H6 + NO2
+  C6H5NO2 + H+

Type of reaction Role of NO2
+

A. substitution electrophile

B. addition electrophile

C. substitution nucleophile

D. addition nucleophile
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36. What is molecule Z that is formed in step 1 of this synthetic route?

Z
NaOHSn

conc. HCl

Step 1 Step 2

A. B.

C. D.

37. What are the E/Z designations of these stereoisomers?

Stereoisomer 1 Stereoisomer 2

Stereoisomer 1 Stereoisomer 2

A. E E

B. E Z

C. Z E

D. Z Z
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38. Which compound produces the following 1H NMR spectrum?

2

ppm

1345 0678910

A. propanal

B. propanone

C. propane

D. methlypropane

39. What is the index of hydrogen deficiency (IHD) of this molecule?

Paracetamol (acetaminophen)

A. 3

B. 4

C. 5

D. 6
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40. Which compound produces this mass spectrum?
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